A series of novel multithioether derivatives were synthesized by the combination of thiazoline and thiazine with dibromides and their structures were characterized by IR, 1 H NMR, MS and elemental analysis. The synthesized derivatives were tested for antitumor activity.
Introduction
Nitrogen-containing five-or six-membered heterocyclic compounds such as oxazolines, thiazolines and thiazines are of great interest to organic chemists, because they are present in various natural compounds having interesting bioactivities [1] [2] [3] . Furthermore, the optically active heterocyclic compounds have been successfully used in asymmetric synthesis as chiral templates [4, 5] or ligands [6] [7] [8] [9] reported the synthesis of thioethers and thioesters in acetonitrile. Herein, we reported an efficient synthesis of some thiazoline and thiazine multithioethers in a friendly solvent-ethanol and explored the biological activities of the obtained target products against A549 (human lung cancer cell) and Bcap-37 (human breast cancer cell).
Results and Discussion
The raw materials thiazolidine-2-thione (1) and 1,3-thiazinane-2-thione (2) were synthesized according to the literature method [10, 11] . Then they were treated with different dibromides under different reaction conditions. In the process of experiments, different reaction factors were examined to obtain the optimum reaction conditions such as the reaction temperature, the reaction time, employed bases and solvent and mixing sequence. The results showed that the start materials thiazolidine-2-thione (1) and 1,3-thiazinane-2-thione (2) should be activated by solid KOH and dissolved firstly in order to ensure that the subsequent reaction was fully carried out. The general reaction procedure was as follows (Scheme 1). To an anhydrous ethanol solution (3 mL) of the heterocycle 2-thione (4.4 mmol) (1 or 2), KOH (0.25 g, 4.4 mmol) was added. The suspension was stirred until the solution was clarified. Then, the ethanol solution (2 mL) of different dibromides (3) (2.1 mmol) was slowly added and a white precipitate was obtained gradually. Then the precipitates were filtered, washed with ethanol, and then dried after. The crude products were recrystallized from water and white products were obtained.
The target compounds were characterized by the spectra. Spectroscopic data were in agreement with the desired structures. For example, in terms of the 1 H NMR spectra of compound 4, the two protons of the methylene attached to S atom appeared as a singlet at 4.34 and 4.47 ppm in compounds 4e and 4f, respectively; which the two protons of the methylene were splitted as a triplet and a doublet at 3.26 and 3.74 ppm in compounds 4c and 4d respectively. The data of IR, MS and element analysis further confirmed their structures of the target products.
Biological Tests
The in vitro antitumor activities of the synthesized target compounds against A-549 (human lung cancer cell) and Bcap-37 (human breast cancer cell) were evaluated by the standard MTT assay ( Table 1 ) [12] . The data revealed that compounds 4g and 5g possessed higher antitumor activities. IC 50 values against A-549 and Bcap-37 of compound 4g were 22.58 and 19.41 μg/mL, corresponding the values of compound 5g were 8.26 and 9.30 μg/mL, respectively. As compared with compounds 4a -g, compounds 5a -5g exhibit higher antitumor activities. 4 
Experimental
All chemicals and solvents were purchased from Sinopharm, Beijing Chemical Plant. Melting points were recorded on a Digital Melting Point Apparatus. Elemental analysis of carbon, hydrogen and nitrogen were determined on a Flash-1112 series elemental analyser. IR spectra (KBr) were recorded on a Perkin Elmer FTIR. The 1 H NMR and spectra were measured at 25˚C on a Bruker Avance-500 NMR spectrometer respectively in DMSO-d 6 solution using TMS as an internal reference. MS spectra were recorded on an Agilent 1100 LC/MS.
Synthesis of thiazoline multithioethers 4a -4g and 5a -5g:
Synthesis of 1,2-Bis(2-thiazolin-2-ylsulfanyl) ethane (4a). To an anhydrous ethanol solution (3 mL) of the heterocyclic 2-thione (4.4 mmol), KOH (0.25 g, 4.4 mmol) was added. The suspension was stirred until the solution was clarified. Then, the ethanol solution (2 mL) of different dibromides (3a -3g) (2.1 mmol) was slowly added and a white precipitate was obtained gradually, continue to react to 72 h. Then the precipitates were filtered, washed with ethanol, and then dried. The crude products were recrystallized from water and white products were obtained (4a). Yield (0.37 g, 69.5%); M.p. 125˚C -127˚C.
The other compounds of this series 4b -4g and 5a -5g were prepared adopting the above procedure.
The physical and spectral data of the compounds 4a -4g and 5a -5g. 
